Summary Chromosome counts were carried out in root tip cells of Nepenthes khasiana (Nepenthaceae), a threatened insectivorous plant of Northeast India. N. khasiana has become threatened in its natural habitat due to overexploitation for its medicinal uses as well as its ornamental importance. Plantlets of Nepenthes khasiana collected from Jarain, Meghalaya were cytologically analyzed. All the root tip cells analyzed showed the chromosome number of 2n 80 without any variations. Karyomorphological studies were not plausible in this species due to the relatively small size of the chromosomes.
The genus Nepenthes belonging to the family Nepenthaceae is one of the largest genus among the insectivorous plants. It comprises of about 134 species (McPherson 2009 ) of which only one species is found in India (Bordoloi 1977) . Nepenthes khasiana Hook. f. is the only species found in India and occurs as an endemic species of Meghalaya. It is believed that the species represents ancient endemic remnants of older flora which usually occur in land masses of geological antiquity (Paleoendemics), (Bramwell 1972) . In India, it is usually found growing from the west Khasi Hills to the east Khasi Hills, in the Jaintia Hills, and in the east to west and south Garo Hills from 1000 to 1500 m altitude (Mao and Kharbuli 2002) . It is a climbing undershrub which ranges from a few centimeters to several meters in height (Bordoloi 1977) . The midrib of its leaves extends from the tip of the leaf which modify into showy and brightly coloured pitchers to trap a wide group of insects so as to compensate nitrogen and energy deficiency in the soil (Kitching and Schofield 1986) .
The population of N. khasiana has dwindled in the last few decades due to multifarious anthropogenic activities such as deforestation, jhum cultivation, overexploitation and forest fires (Jain and Sastry 1980) . Consequently, it has become threatened in its natural habitat and has been regarded as an endangered plant in Appendix 1 of CITES. The plant is also being collected, regularly, by local plant collectors because of its fascinating pitcher. N. khasiana is often purchased from the markets and hybridized to produce a diversity of pitcher characters (Mao and Kharbuli 2002) . Therefore, the species is of great botanical and horticultural interest (Khoshbakht and Hammer 2007, Mukerjee et al. 1984) .
Although many researchers have worked on Nepenthes on different aspects such as enzymes present in the digestive fluid (Nakayama and Amagase 1968 , Tokes et al. 1974 , Rottloff et al. 2011 ; development of the pitchers (Owen and Lennon 1999) ; insect trapping mechanism (Salmon 1993 , Moran 1996 ; taxonomy (Cheek and Jebb 2009) ; multiplication and micropropagation (Latha and Seeni 1990 , Rathore et al. 1991 , Nongrum et al. 2008 ; and recently a few concerted efforts for molecular characterization of genomic DNA have been made (Meimberg et al. 2005 , Eilenberg et al. 2006 , Bhau et al. 2009 , Nongrum et al. 2012 . However, there is still a lack of basic information of the genetics such as chromosome number. Although certain passing remarks about the chromosome counts were made by a few researchers (2n 80; Heubl and Wistuba 1997) , no convincing information on chromosome biology can be traced in the published literature. Therefore, an approach to determine the somatic chromosome number of Indian representatives of Nepenthes has been made in the present investigation.
Materials and methods
The plant materials used in present investigation were collected from Jarain, Meghalaya, Northeast India. The plants were grown in greenhouse conditions at the Plant Biotechnology Laboratory, Department of Botany, North-Eastern Hill University, Shillong. Plants were raised in earthen pots for obtaining actively growing root tips. The collection time of root tips was around 9 a.m. The root tips of about 0.5-1.0 cm long were excised and pretreated with 0.002 M 8-hydroxyquinoline solution for 3 h at room temperature before they were fixed in Carnoy s fluid consisting of 3 : 1 of propanol and propanoic acid for 24 h at room temperature. The rootstock were preserved after fixation in 70% (v/v) ethanol and stored in a refrigerator till utilized for squash preparations. The fixed root tips were hydrolyzed in 5N HCl a for 1 h at room temperature and were subsequently stained in leuco-basic fuschin stain for 45 min under dark conditions. The stained root tips were squashed in a drop of 1% propiono-carmine under the cover glass. The cells were flattened by taping followed by removal of excess stain with Whatman filter paper pieces. Micro-photographs were taken using a Jenoptik CCD camera (Germany) attached to a Labomed LX 400 fluorescent microscope at 100X magnification. At least 5 cells with countable chromosomes from each slide were used for the determination of chromosome counts.
Results and discussion
Chromosome complements of N. khasiana were studied to ascertain the somatic chromosome number in various plant collections. Somatic chromosome number has been unambiguously recorded as 2n 80 in all the cells studied (Figs. 1, 2 ) with no evidence of any numerical variations whatsoever. The chromosomes are characterized by their small size and it was not practicable to determine the position of the centromere(s) convincingly. Therefore, the study has been focused on chromosome counts alone.
Documentation of chromosome numbers in the genus Nepenthes was probably first carried out by Heubl and Wistuba (1997) where they have reported a chromosome number of 2n 80 in about 14 species of Nepenthes including Nepenthes madagascariensis, N. pervillei, N. distillatoria, N. khasiana, N. rafflesiana, N. truncata, N. stenophylla, N. gracilis, N. eymai, N. thorelii, N. veeitchii, N. albomarginata, N. reinwardtiana, N. tentaculata. Members of Nepenthaceae are known for remarkable uniformity in chromosome numbers of 2n 80 without any indication of numerical variations. Our studies are in agreement with these reports. However, Kondo (1969) reported a deviant chromosome number of 2n 78 in N. rafflesiana and N. thorelii. Thus, there is good evidence that Nepenthes could be a dibasic genus with x 5 or 10. However, such observations need to be substantiated with information on greater numbers of species representing the entire genetic spectrum of the genus.
Chromosome size, condensing behaviour of chromatin and interphase nuclei are considered to be similar to that of Droseraceae (Heubl and Wistuba 1997) . In view of the known phylogenetic background, one can assume that most members of Nepenthaceae are palaeopolyploids with the basic number x 5 or 10. The loss of taxa with lower ploidy levels, the high chromosome number, the palaeotropic distribution, uniformity in many characters and the reduced genetic variability all support the assumption that in Nepenthes, diploid and lower polyploids have already gone extinct (Heubl and Wistuba 1997) . Based on our study, N. khasiana, could be regarded as a polyploidy taxa (8x or 16x), and accordingly the basic chromosome number of x 5 or 10. Chromosome counts provide indispensable information on genetic discontinuities within and among species and they contribute to our understanding of phylogenetic relationships at all taxonomic levels (Semple et al. 1989) . Due to the lack of chromosome information on many other species of the genus as well as difficulties in karyotype studies of the species, it is premature to predict the cytogenetical mechanisms of evolution in the genus. Therefore, further cytogenetical investigations related to meiotic analysis of species and their hybrid derivatives are essential to ellucidate taxonomic and phylogenetic relationships among the species of the genus Nepenthes.
